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WLNG WI'IIH KEXAG-ONAL AIRFOIL SECTIONS AKD ASPECT RATIO 2.5 

EQUIPPED WITH S P O I I X R S  AM3 WITH SHARP- AND 

THICKENED-TRAILING-EDGE FLAP-TYPE AIIERONS 

AT A FS3yNoI;DS NLTMBER OF 7.6 x IO6 

By James E. Fitzpatrick and Robert L. Woods 

The lateral-control   character is t ics  of two spans of spoiler and 
f flap-type  ailerons on an unswept w i n g  with an  aspect r a t i o  of 2.5 and 

hexagonal a i r fo i l   sec t ions  w e  presented. The tests were conducted a t  

of ro l l i ng  moments, yawing moments, a i leron hinge moments, normal forces, 
and  balance-chamber pressures w e r e  made for  various  configurations of 
the wing with s h a r p - m d  thickened-trailing-edge  ailerons, and droop- 
nose  and plain  f laps   in   cmbinat ion with a fuselage. 

.. a Reynolds number of 7.6 X 10 6 and 8 Mach  number of 0.13. Measurements 
I 

In  the  low-lift  range, the spoi lers  (which progected 0.06 chord) 
produced ro l l i ng  moments equivalent t o  6' of total   a i leron  def lect ion 
for the unflapped wing and 12' for   the  wing with droop-nose flap  deflected. 
The ro l l i ng  moments dm t o  the spoiler and flap-type  ailerons were 
reduced a t  angles of a t tack above 7 O  and 12O, respectively,  for the 
unflapped  configurations. The l i f t  range  through which the ailerons 
and spoilers remained effect ive .was  extended by deflecting the droop- 
nose f lap.  

The ro l l i ng  moments due t o  the  flap-type  aileron were increased 
by about 30 percent and those due to   the   spoi le rs  by approxfmately 
100 percent when the span was increased from 40 to 15 percent of the 
semispan. 

The ai leron with trailing-edge-thickness  ra,tio of  0.25 had a s l igh t ly  
higher  value of aileron effectiveness  through a small deflection range 
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than any other degree o f -  trailing-edge  thickness  tested. A t  high 
deflections, however, the  aileron  with  trailing-edge-thickness  ratio - 
of 1.00 was the most effective.  The--hinge-moment parameters became 
more negative.with an increase  in  trailing-edge  thickness.  Calculations 
showed tha t  the amount  of balance  chordrequired  for complete balance i n  
a steady r o l l  in  the  low-Iift  .range  increased from 60 -percent.  of  the 
aileron chord for  the sharp-trailing-edge  aileron  to 9 percent  of  the 
ai leron chord for  the  aileron  with  trailing-edge-thickness  ratio of 1.00. 

Calculations  indicate that the hinge-moment parameters i n  a steady 
r o l l  would be smaller  than  those for the  s ta t ic   condi t ion when the droop- 
nose f l ap  is  not  deflected. 

Values of' pressure-fluctuation  amplitude and frequency a t  10 percent 
of the  a i leron chord  behind  the  aileron  hinge  line, which could be asso- 
ciated  with  buffeting, were at ta ined  a t   the   angle  of attack of i n i t i a l  
s t a l l .  The average  value of pressure  fluctuation was independent of 
aileron  deflection. 

INTRODUCTION 

b 
In  order  to.minimize-  drag a t  supersonic  speeds,  thin w i n g s  of low 

aspec t .   ra t io  and re la t ive ly  sharp leadin@;  edges have been  proposed. A 
tapered wing  of thit3.type with an aspec t   ra t io  of 2.5 and th in  hexagonal - 
airfoi l -sect ions was inves t iga ted   a t  low speed in   t he  Langley 19-foot 
pressure-tunnel. The r.eaults of the   la teral-control   invest igat ion of 
the wing equipped with 0..'5-s.emispan and  0.40-sernispan flap-type and 
spoiler  ai lerons are the  subject of the present  paper. 

The la teral-control   character is t ics  w e r e  determined for  the  ailerons 
with  several  combinations of fuselage, droop-nose f lap,  and t r a i l i ng -  
edge f laps .  Inasmuch as €he resu l t s  of references 1 and 2 have indicated 
t h a t  improvements can  be-made in   the   ro l l ing   e f fec t iveness  of flap-type 
ailerons  at-  transonic and  supersonic  speeds-by  thickening the t r a i l i n g  
edges, the l a t e ra l - con t ro l   chmgte r i s t i c s  of the O.@-semispan ai leron 
were also investigated on the wing with  the  t ra i l ing edge modifie-d t o  
three  different  thicknesses.  In addition,  the  testa  included measure- 
ments of-the  instantaneous  pressure  dwerential  between the upper  and 
lower sur faces   a t  four apanwise..stations. 
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SYMBOLS AND COEFFICIENTS 
- * 

The data are re fer red   to  the wind axes  with  the  origin a t  25 percent 
of the mean aerodynamic  chord. Symbols and  nondimensionttl coefficients 
used are defined as follows: 

b wing span, f e e t  

bs spoiler span  perpendicular t o  plane of  symmetry, f ee t  

CD ctrag coefficient (Drag/qS ) 

CL l i f t   coef f ic ien t   (Li f t /qS)  

c2 rolling-moment coefficient  (Rolling . .  moment/qSb) 

cm p i  tching-moment coefficient  (Pitching moment/qSF) 

ai leron Mnge-moment coefficient (.inge 

Cn yawing-moment . .  . coefficient . . . . . . . (Yawing . . moment/qSb) . .  

cha r a t e  of change of Chs with a a t  8i E 0 

chs' rate of  change of with 8, when wing is  i n  a steady cha 
r o l l .  . _. . .  . 

C 
IP 

rolling-moment coefficient due t o  rolling 

c2g r a t e  of change of C 2  with Ea a t  6, = 0 

C loca l  wing chord pa ra l l e l  t o  plane of symmetry, f ee t  

- 
C 

c 

I 
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Ca 

'b 

C 
2a 

K 

AP 

- PR. 

P 

q 

S 

Sa 

t 

V 

a 

(&Ip 

ai leron chord a f t  of hinge l i n e  and perpendicular  thereto, 
feet 

aileron  balance  chord  forward  of,.hinge  line, feet- 

section  lift-curve  slope 

balance-chamber pressure conversion  factor 
difference  across seal 
difference  across 

moment area of aileron aft of hinge line,  taken  about  hinge 
axis,  cubic  feet 

magnitude of resultant  pressure  fluctuation  (difference between 
pressures on upper  and  lower surfaces), pounda per  square 
foot 

"co verted balance-chamber pressure 1 Pre@siire.-below  seal - Pressure 
Kq 

rate of change of PR w i t h  a a t  6, = 0 

rate of change of PR with 6, a t  6, = 0 

ro l l i ng  angular velocity,  radians  per second 

dynamic pressure, pounds per s quare foot (p$/2) 

wing area,  square feet 

aileron  area aft of hinge line, square f e e t  

r a t i o  of trailing-edge  thickness  to  aileron  thickness at 
hinge line 

free-stream velocity, feet per second 

angle  of-attack  of--root-chord line, degrees 

effect ive change i n  angle of at tack caulsed by rolling velocity, 
degrees 



'a aileron  deflection measured i n  plane  perpendicular t o  hinge 
l ine,   posit ive when deflected down, degrees 

6 
&t 

sum of equal up and down aileron  deflections, degrees 

'f trailing-edge-flap  deflection, degrees. (The 0.75-semispan 
and  0.35-semispan flap-type  ailerons are r e fe r r ed   t o  as 
f laps  when both of a pa i r   we   def lec ted  downward together. ) 

'n droop-nose-flap  deflection,  degrees 

h equivalent change i n  angle  of  attach  per  degree  flap  deflection 
A6 
L 

(two-dimensional data) 

8 trailing-edge angle, degrees 

P density of a i r ,  slugs per  cubic foot 

MODEL AND APPARATUS 

The details of the  wing and fuselage are shown i n  figure 1. The 
model was constructed of s o l i d  steel, painted and pol ished  to  a smooth 
f inish.  The wing had an  aspect  ratio of 2.5, a t ape r   r a t io  of 0.625, 
and neither  dihedral nor t w i s t .  The m e t r i c a l   a f r f o i l   s e c t i o n  w a s  
hexagonal with  leading- and trailing-edge  angles of 11.42O. Between 
the 30- and 70-percent-chord l ines  the  surfaces were pa ra l l e l  and the 
wing had a thickness of 6 percent chord. The  fuselage  used  for some 
of the tests was of circular  cross  section and f ineness   ra t io  8 t o  1. 
The w i n g  roat-chord  line was on the  center  l ine of the fuselage. 

Details of the  lateral-control  devices are shown i n  figure 2. The 
chord  of the  flap-type  aileron was a constant  percentage of the wfng 
chord ( 0 . 2 5 ~ )  . The ai leron extended f r o m  0.20b/2 t o  0.95b/2 on the l e f t  
wing and was divided a t  the 0.55b/2 s ta t ion  so tha t   the  outboard portion 
could be deflected  alone  or i n  combination with the  inboard  portion. I n  
various  parte of the inveetigation  the  inboard  portion and both  portions 
were deflected 50° i n  combination with  corresponding  portions on the 
r igh t  wing to sfmulate  high-lif t   f laps.  The t r a i l i n g  edge of the wing 
w a s  modified t o  0.25, 0.50, and 1.00 of the  wing maximum thickness for  
sane of the tests of  the 0.40b/2 flap-type  aileron. The leading edge 
of the  f lap-type  aileron w a s  of circular-arc  contour with the center 
a t   t h e  hinge l i n e  and was provlded  with a f lex ib le   sea l   ( f ig .   2 ) .  The 
balance chamb'er was provided  with  orifices  for  measuring pressures 
above and below the  seal .  The ai leron w a s  attached t o   t h e  wing by means - 
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offour   s t ra in-gage beams. (two on each  portion). The s t r a i n  gages indi-  
cated  e lectr ical ly   the  a i leron.hinge moments and the component of the 
aiJeron  force normal t o  the  aileron-chord  line. I n  addition,  the 
magnitude  and frequency of pressure  fluctuations  over the ai leron 
were measured by means af f o u r  miniature  inductance-type  pressure 
ce l l s   i n s t a l l ed  i n  the  sharp-trailing-edge  aileron a t  a distance of 
10 percent  of  the  aileron chord.  behind the  hinge  line and a t  the span- 
wise positions  shorn i n   f i g u r e  1. The measurements were transmitted 
e l ec t r l ca l ly  to a recording  galvanometer. 

The --spoilers (0. bb/2 and O.75b/2) were mounted normal t o   t h e  wing 
surface and projected 0.06 chord  (see  fig. 2). Dimensions of the 0.75b 
leading-edge  droop-nose f l ap  are shown in  figure-"l. 

A two-support system was used t o  mount the  wing alone or t he  wing- 
fuselage combination i n  the  tunnel. A photograph o f  the model mounted 
i n  the  tunnel i s  shown as  figure 3.  . . .  . . .. . .. 

TESTS AND CORRECTIONS 

The t e s t s  were conducted i n  the  192oot..pressure  tunnel with the 
air compressed t o  33 pounds pGrX@are  inch. The Reynolds  and Mach - .  ." . - 

numbers of the t e s t s  were 7.6 X 10 and 0.15, respectively. 6 - 
The la teral-control   character is t ics  of the flap-type and spoiler 

ailerons were determined by measuring the  forces and moment-s through . 
a range of angle-,of.  attack .*om -&through the stall with  the  f lap- 
type  ailerons set a t  various  deflections.  Aileron  hinge moments, normal 
forces, and balance-chamber pressures were also meaaured. The 0.75b/2.. 
sharp-trailing-edge  aileron was tested both  with and without  the  fuselage. 
The 0. &b/2  and 0.73b/2. sharp-trailing-edge  ailerons were tested  with 
the wing leading-edge  droop-nose.  flap  deflected 30° and the .fuselage on. 
The 0.40b/2 ai leron was tested i n  conjunction  with the O.3Ob flap,  with 
and without  the deflected droop-nose flap.  Both span8 of apoilers were 
tes ted  with the fuselage on, with and w i t b u t  the deflected.droop-nose- ' 

flap,  and with  and.withaut  the O.75b f lap.  -The"test configurations.are 
l i s t e d   i n   t a b l e  I. . .  . .  

The l i f t  and  pitching-moment coefficients have been  corrected  for 
support-strut   tare and interference  as determined by t a r e  tests with an 
image support  system. The anglea of attack have been  corrected  for-air-  
stream mfsalinement as determined  during  the  tare tests. The j e t -  
boundary correct ions  to  the angle  of  attack  and.drag were calculated by 

. .  
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the method of reference 3. Jet-boundary  corrections  to the ro l l ing  and 
yawing moments were found t o  be negligible. Slight ro l l i ng  and yawing 
moments were found t o   e x i s t  a t  zero  deflection due t o  the small air- 
stream misalinement across the tunnel.  Corrections have been  applied 
for   these  effects .  

A cal ibrat ion of the balance chambers indicated  leakage  through the 
seal; the  pressure  differences measured across the sea l  were o m  0.80 
and 0.56 of the  pressure  differences  across  the  vents f o r  the  sharp  and 
blunt  ai lerons,   respectively.  The factor  was smaller for the blunt 
ailerons  than for the sharp ai leron because smaller vent  openings were 
used with the blunt  ai lerons  (see  f ig.   2).  The same sea l  was used  for 
a l l   a i leron  configurat ions.  Using the two conversion  factors K, the 
measured pressure  differences  across the seai w e r e  converted to   pressure 
differences  across the vents which approximate  balance-compartment pressure 
differences with a perfect  seal .  This approximation  neglects the effects 
of the leakage on the vent  pressures. 

€ESULTS AND DISCUSSION 

Lateral-Control  Characteristics 

Spoilers. - The character is t ics  of the p la in  wing ( f ig .   4(a)  ) are 
indicative of the type of flow  associated with unswept wings that have 
sharp leading edges and low aspect   ra t io .  The rolling-moment coefficients 
due t o   t h e  0. bb /2  spoiler  obtained  in the low angle-of-attack  range 
were about 0.01, and an increase  in   spoi ler  span t o  O.75b/2 doubled 
t h i s  value. A t  angles of a t tack  above kO, however, the r o l l i n g  moments 
decreased,  and above 8O the longer  span showed no appreciable  advantage 
over the shorter.  A t  angles of a t tack   c lose   to  7O, separation  occurred 
near t he  w i n g  leading edge (fig. 5 )  and the loading shifted toward the 
tips (reference 4).  These changes i n   t h e  flow are probably  responsible 
for  the abrupt  reduction of spoi ler   rol l ing moments and the  rearwmd 
shift in   cen ter  of pressure. Because of the separated  flow  conditions 
that existed,  an  increase i n  spoiler  projection would probably  have 
little ef fec t  on the ro l l i ng  moments in  the  high  angle-of-attack  range. 
I n  the low angle-of-attack  range the spoi lers  produced s m a l l ,  favorable 
yawing moments. 

A t  a Mach  number of 1.9 (reference 5 )  the spoi lers  produced rol l fng-  
moment coefficients of about half the  value  presented  herein. The 
O.75b/2 spoiler a t  a Mach  number of 1.9 (reference 5 )  produced yawing- 
moment coefficients which were favorable and of greater magnitude than 
those  of  the  present  investigation. 
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By deflecting the 0.75b  droop-nose f l ap  30°, the   ro l l ing  moments 
due t o  each  spoiler  .were.lncreased and the angle-of-attack  range  for " 

which the  spoiler remained effect ive was extended  considerably  (fig. 4( b)  ) . 
The deflected droop-nose f lap  changed the  flow Over the wing so as t o  
delay  leading-edge  separation  (fig. 5 ) .  The delay of sepazation by the 
droop-nose flap enabled the rolling-moment coefficient due t o  the spoiler 
to   increase with lift coefficient.  The  yawing-moment coefficients became 
adverse  for this configuration with the 0.75b/2 spoi ler   ( f ig .  4 b )  ) . 

With the 0.75b flap  deflected W o  in combination w i t h  the deflected 
droop-nose f lap,   the   rol l ing moments  due t o  the spoiler were increased 
i n  the angle-of-attack range up t o   t h e  stall ( f ig .   4 (c) ) .  The ro l l i ng  
moments obtained with this configuration were greater  than  those of 
e i ther  of the other two conf'igurations. With the 0.75b flap  deflected,  
the yawing moments  became adverse a t  an  angle of attack lower than  that  
with the flap  neutral .  The yawing moments produced by the 0.75b/2 
spoiler were more adverse  than  those of the O.&b/2 spoi ler   ( f ig .  4( c ) )  . 
With the  0.75b.flap  deflected, the adverse yawing moment reached  about 
0.0225 as compared with 0.0075 fo r  the configuration with droop-nose 
flap  alone  (figs.   4(c) and 4(b)) .  A t  high l i f t  coeff ic ients   in  a roll, 
the yawing moments would tend t o  become even more adverse. 

Flap-type ailerons.- The  aerodynamic forces and moments produced 
by the deflected ailerons. for  the various  configurations are presented 
i n  figures 6 t o  16.. The aileron  effectiveness C was obtained from 

cross  plots of' these  data. and is. presented  in figure 17. The effect ive-  
ness of the O.bb/2 aileron on the p la in  wing for  each  trailing-edge - 
thickness  ratio i s  presented, i n  .figure .17(a). For a l l  degrees of 
trailing-edge thickness, the control  effectivenem w a s  gradually  reduced 
throughou* the l i f t r a n g e  and a large  reduction  occurred  near m a x i m u m  
l i f t .  The reduction  in  ai leron  effectiveness due t o  an  increase i n  
trailing-edge  thickness wae onlx-about LO percent a t  low angles of 
attack.  References 1 and 2 show that  an  increase i n  rol l ing  effect ive-  
ness with increase  in  trailing-edge  thickness  ie  obtained a t  transonic 
and supersonic speeds. . .. . 

28 

The aileron  effectiveness parameter C fo r  the O.hb/2  aileron 
28 

w a s  calculated  according t o  the method of reference 6. The values of 
section  lift-curve  slope and of .flap  effectiveness &/AS for   the  eharp- 
trailing-edge  aileron were obtained from the experimental data of 
reference 7. Values of h / A 8  and section  lift-curve slope for  the 
thickened-trailing-edge  aileron  configuration8 were obtained by cor- 
rect ing the v a l u e s . o f t h e  sharp-trailing-edge  aileron  for  differences 
in  trailing-edge  angle  according  to figure 19 of  reference 8. Values 

were obtained by calculating the- values of C fo-r 
calc  26 
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t = 0 at given values of 8 .  The following are the  calculated and 
experimental  valuea  of C f o r  the  various desees of bluntness: 

26 

e k c  

(deg) t 4 e x p  (CzS>cdc cza as 
0 

0 1 3 9  .oor46 . O B  .428 6.9 50 
.00145 00139 -097 415 10.3 .25 

0.00140 0.00133 0.096 0.402 13.7 

1.00 0 .450 .lo1 .oo135 00157 

9 

Of course, t h i s  comparison  does not  account  for  the effects of f inite 
trailing-edge  thickness  but it shows that trailing-edge-angle  concepts 
cannot be used t o  predict  effects of  lzailing-edge  thickness. I n  the 
present  investigation, the data indicate that after a certain  degree 
of trailing-edge thickness was reached, the  aileron  effectiveness w a s  
reduced.  Other effects ,  such as might be caused by flow around the  
base, might counteract the ef fec t  0f.a decreased  trailing-edge  angle. 

The 0.40b/2 ai leron on the wing with the high-lift  devices showed 
the same general  trend of effectiveness  through the l i f t  range as it 
did on the   plain wing. Extending the span of the  a i leron O.35b/2 
inboard  increased the effectiveness by about 30 percent i n  the low-lift  
range  (figs. l7(a) and l 7 ( b ) ) .  The calculated  and  experimental  values 
of C for   the wiqg with  the 0.756/2 ai leron were 0.00213 and 0.00205, 

respectively. The slight increase i n  C due to the  addition  of a 

fuselage  (fig.  17(b)) might mean that  the  fuselage acted as an end 
plate   to   increase  the  effect iveness  of the inboard  aileron. The data 
of referencea 9 and 10 indicate   that  at transonic and supersonic  speeds 
the  value of C f o r  the  plain wing and fuselage &-creased until at  a 

Mach  number of 1.9 it reached  about half the  value  obtained a t  a Mach 
number of 0.15. This was true  for  both  aileron spans ( f ig .  18). 

28 

It5 

It5 

Deflecting  the  partial-span  flap-reduced Cz i n   t he   l ow- l i f t  

range (fig. . lT(c)).   Deflecting the droop-nose f l ap  extended  the lift 
range i n  which the ai leron r.emained effect ive  ( f ig .  l7(d));  t h i s  effect 
w a s  .due to  the postponement  of separation around the. sharp leading edge 
until  higher  angles of attack were reached.  Increasing the ai leron 
span resulted In an increase  in"effectiveness which was about the same 
whether o r  not  the droop-nose f l a p  was deflected  (fig.  17). 

6 

. 



The rolling-moment  and yawing-moment coefficients produced  by a 
to ta l   a i le ron   def lec t ion  of 30° (150 equal  and  opposite) and, i n  some 
cases, 500 are  presented  in figures 19 and X). Figure l g ( a )  shows the 
e f f ec t  of various  degrees of trailing-edge  thickness. These r e su l t s  
are   qui te   different  f r o m  the  . resul ts  .shown  by the C curves  of 

f igure   l7 (a) .  The difference i s  a r e su l t  of the nonlinearity  of  the 
curves  for C z  plotted  against  6. For. the  aileron  with t = 0.25, 

the   dope  C through  zero  deflection i s  higher  than  that  for the 

aileron  with t-= .1.0, b u t t h e  slope  decreases a t  higher  deflections. 
With the  full-blunt-aileron (t = l.O), C has a lower value  through 

zero  deflection  but it i s  more nearly  constant a t  higher  deflections. 

28 

16 

26 

For the  other  configurations,  the  trends shown by the  roll ing- 
moment coeff ic ients   for  a to ta l .a i le ron   def lec t ion  of 30° are  the same 
as  those shown previously by the variations of C . 

28 

The yawing moments produced by the deflected  aileron  tended  ta 
become more adverse as the l i f t  ipcreased up tu  the stall ( f igs .  6 t o  
16 and fig.   20).  Fa r  the configurations  without  the  deflected droop- 
nose flap,  most o f  the adverse yaw  was contributed by the downward- 
deflected aileron. Thia effect of the  downward-deflected ai leron i s  
a t t r i bu ted   t o  the difference  in  induced  drag of the two wings. The 
downward-deflected aileron  increased  both the l i f t -  and the  induced  drag 
O f  i t s  Win@;. 

Comparison of spoilers and flap-type  ailerons.- The ro l l i ng  moments 
produced by the  spoilers (which projected a distance of 0 . 0 6 ~ )   a r e  
compared with  the  roll ing moments for   several   to ta l   a i leron  def lect ions 
i n  figure 21. On the  unflapped.wing  (fig.  21(a)), the ro l l i ng  moment 
due t o  the spoiler is seen  to be equivalent to tha t   fo r  a t o t a l  ai-leron 
deflection of 6 O .  Increasing the span of the   spoi le r   to  0.75b/2 
increases  the  roll ing moment-to that obtained  with a t o t a l   a i l e ron  
deflection of loo ( f ig .   21(b)) .  A t  a Mach  number of 1.9 (references 5 
and lo), the  effectiveness of the 0.73b/2 spoiler was found t o  be 
equivalent  to  the same to ta l   a i le ron   def lec t ion   as   tha t  found In  the 
present  investigation.  Deflecting  the droop-nose f l a p  30° makes the 
spoi ler   as   effect ive .as a to ta l   a i le ron   def lec t ion  of 110 or  12O 
(figs.   21(c) and 21(d)) .  A similar comparison of spoi lers .and  a i lerons 
may be made i n  terms of f lying  qual i t ies .  The roll ing  effectiveness 

pb for   the  plain wing was calculated from the  equation 2v . . .  . . .  

Pb C l  
2v c2P 
- = ”  
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A value of  -0.22 f o r  C2 was interpolated f r o m  the  theoret ical  curves 

given in   reference 6 .  The value of pb for   the 0. bb/2  spoi ler   var ied 
from 0.043 at ze ro  lift t o  0.009 at  maximum l i f t  (a = 12O), whereas the 
value  for a to ta l   def lec t ion  of 300 of  the O.&b/2 flap-type  aileron 
varied from 0.181 a t  zero lift t o  0.131 at maximum l i f t .  For the 0.7%/2 
aileron,  the  values were from 0.1 t o  0.014 for   the  spoi ler  and from 0.30 
t o  0.24 f o r  a total   f lap-type-aileron  deflection of 30°. 

P 

A comparison of the  yawing moments produced by oppositely  deflected 
ailerons with those produced by spoi lers   for  the configurations shown 
in   f igure  21 are presented  in  figure 22. 

The foregoing comparisons of spoiler and aileron  effectiveness must 
be r e s t r i c t ed   t o   t he  low-speecl range  because of the following factors: 

1. A t  higher speeds the  aileron  effectiveness is greatly reduced 
by wing t w i s t  (reference ll). The effectiveness of a spoiler i s  not 
reduced as much because the  twisting moments due t o  a spoiler are of  
lesser  magnitude for & given  roll ing moment. 

2. The rigid-wing  spoiler  effectiveneas  increases with speed i n  the - subsonic  range  (reference 12). 

3.  The higher  control-force  characteristics of ailerons are pa r t i a l ly  - accounted f o r  by power-booster  systems. 

4. I n  the  moderate t o  high-lift range the yawing moment due t o  the 
deflected  control i s  more adverse f o r  ailerons  than  for  spoilers  (f ig.   22),  
which would reduce the superiority of the  a i leron over the  spoiler.  

Aileron Hinge-Moment Characteristics 

Blunt  unbalanced ailerons on the   p la in  wing. - The  hinge-moment 
parameters and C me presented i n  figures 23 t o  25. The 

effects  of seal  leakage on these  parameters have been  neglected. With 
increasing  trailing-edge  thickness  the hinge-moment parameters  increased 
negatively  (fig. 25). A s  shown i n  reference 8, a decrease i n  trailing- 
edge angle also results i n  more-negative values of' the hinge-moment 
parameters. The effects of trailing-edge  thickness and trailing-edge 
angle were similar except that the  degree of unbalance was not BO great 
with  the  thickened  trailing-edge as would be expected for the  same 
reduction  in  trailing-edge  angle on a sharp  aileron  (reference 8). The 
difference is  no doubt due to   t he  change in  pressure  distribution  brought 

% h, 



12 - ~ A C A  RM ~ 5 2 ~ 1 5  

about by the flow around the  bluntend.  A t  angles  of-attack beyond the 
stall ,  the trailing-edge  thickness had little effect-  on the  hinge- 
moment- parameters. 

Sharp unbalanced ailerons i i t h  high-lifi  devices.- The negative 
value of C ' was increased by the addi t ion  of- the  fuselage  to   the wing hs 
wi th  the O.75b/2 aileron, whereas the value o r  C was essent ia l ly  

unchanged (figs. 23(b) and 24(b)). These effecte are associated  pri-  
marily with the  load  cunges oV&r the  inboard  portion  of--the  aileron 
due t o  wing-fuselage  interference. A similar e f f ec t  was noted when the 
aileron span was increased with the fuselage on (f igs .  23(e) and 24(d)). 
I n  the moderate angle-of-attack  range, however, both  parameters  increased 
negatively with a. 

h, 

Deflecting  the 0.3'3 f l a p  W o  added a negative  increment  or  an 
unbalancing moment t o  the outboard  aileron.  Deflecting  the droop-nose 
flap 30' had little effect '  on C but considerably  reduced  the neg- 

ative  value of  C and extended the  angle-of-attack  range f o r  reason- 

able  values of both  parameters  (fige.  23(d) and 24(c)) .  

h6 

ha 

The ef fec t  of  several amounts of internal  balance on the  hinge- 
moment-parameter C was calculated fo r  the steady  rolling  condition. 

The e f fec t  of a  steady  roll   proportional t o  total   a i leron  def lect ion 
may be  approximated by the following equation from reference 8 

in   the  present  paper has the same defini.tion a8 A€ia in  reference 8): 

h6 

The values of- 2(&) were estimated from 

/ 

the . data given i n  

reference 8 t o  be . -173C for  the 0.75b/2 ai leron and -242.2C 

for  the 0. bb/2 aileron. 
26 28 

The effect-of a sealed  internal  balance on the hinge-moment 
character is t ics  was taken i n t o  account  approximately by means of the 
following re lat ions:  



w h e r e  the  subscript bal r e f e r s   t o  the ai leron w i t h  an  internal nose 
balance, and cb/ca is the balance-chord r a t io .  The measured hinge 
moments axe assumed t o  be for  an aileron with a perfect  seal;  thus  the 
effects  of the seal leakage on the  hinge moments were neglected. 

The values  presented beyond the stall should be viewed. with caution. 
2 ( h I p  

The value of C used i n  determining was assumed constant 

a t  -0.22, whereas i n   r e a l i t y  it would t end  toward zero a t  the stall. 
The posit ive d u e s  of C beyond the stall are therefore somewhat  

too  high. The trends presented, however, me considered  indlcative  of 
the e f f ec t  of  balance. The r e su l t s  of these calculations are presented 
in   f i gu re  26. A comparison of figure 23(a) w i t h  26(a) shows tha t   ro l l ing  
had a slight balancing  effect,  reducing by about 0.01 i n  each 
case. The amount of balance  chord required for  balance in the low and 
moderate l i f t  range  increased from about 0 . 6 ~ ~  for the  sharp aileron to 

2P 

hE 

c% 

about 0 . 9 ~ ~  for  the ailerons with t = 0.50 and t = 1.0. 

The additLon of a  fuselage  tended t o  balance the O.75b/2 ai leron 
f o r  c ca = 0, but did not a f f ec t  the balance  chord  required  for com- 
plete balance ( f i g .  26(b)). Rolling had l i t t l e  effect on the ai leron 
hinge -moment parameter chs when the droop-nose f l ap  w a s  deflected. 
The aileron  balance  chord  required for balance was about 0.65 a t  
0.85~ . With the droop-nose flap deflected,  an  increase i n   a i l e r o n  

span  increased the degree of  unbalance with no balance  chord  but did 
not change the 0 . 6 5 ~ ~  balance  chord  required for balance a t  0 . 8 5 ~  

( f ig .  2 6 ( ~ ) ) .  The values  presented are more nearly  applicable  in the 
low-speed high-lift  range,  since  increasing the Mach number has 8 

tendency t o  increase the degree of unbalance  (references 8 and 13). 
An estimate made f r o m  the results of  reference 8 indicates that t o  
balance  the  aileron a t  a Mach  number of 0.8 would probably  require a 
balance-chord r a t i o  about 0.1 higher  than the ratios  presented in 
figure 26. 

b/ 

LmaX 

LmaX 
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Measurement of Preasure  Fluctuation 

NACA RM L52B15 

A sample of the  records  obtained  with  the  recording galvanometer 
of the  pressure  fluctuation  over  the  aileron is  shown i n  f igure 27. 
Certain  amplitudes may be considered  average  (see,for example, that 
designated AP/q . in   f ig .  27)  and they  are  plotted  againat  angle of 
attack  for  several  spanwise-locations and two deflections of the  0.40b/2 
a i le ron   in   f igure  28. The curves of figure 28 indicate  that the ampli- 
tudes of the  pressure  fluctuations  increase  with  angle of attack and, 
beyond the  s ta l l ,   a t ta in   values  approximately  equal t o   t he  dynamic 
pressure. . .  

Figure 28 may give  an  indication of the  stall-warning  characteristics 
of  an airplane  equipzed-with  thie  type of wing. According t o  the 
correlation of pressure  pulsations  with  flight  buffeting  (reference 14), 
when t h e  amplitude of the fluctuations  reaches 0.15% buffeting will 
be  encountered.  This  value is reached at an  angle of attack of about 
6.5' i n  all cases ( f ig .  28). This i s  a lso the  angle of attack a t  w h i c h  
the  pitching moment breaks i n  a stable-.d$rection  (fig. 4) and the 
separated flow spreads. rearward .over t h e  wing (fig.. 5 ) .  

coNcLusIoNs 
L 

The re su l t s  of the  lateral-control  investigation of two spans of L 

spoiler and flap-type ailerons on an unswept wing with a,n aspec t   ra t io  of - 
2.5 and t h i n  hexagonal a i r foi l   sect ions  lead to the following  conclusions: 

1. I n  the  low-lift  range,  the  -spoilers (which projected a distance 
of 0 . 0 6 ~ )  produced rolling moments equivalent t o  6 O  of to t a l   a i l e ron  
deflection  for-the wing without  flap8 an& 12O for  the wing with droop- 
noBe flap.   deflected.  - 

. .  

2. The ro l l i ng  moments due t o  the spoiler and fl-ap-type  ailerons 
were reduced. a t -   angles  o f  attack above 7 O  and 12O, respectively,  for 
the unflapped  configuration.  Deflecting  the droop-nose f l a p  extended 
the l i f t  Tange i n  which .the ailerons and spoilers remained effective.  

3. The ro l l ing  momenta due t o   t h e  aileron were increased by about 
30 percent and tha t  of the  spoi ler  by approximately 100 percent, by 
extending the spans f'rom 40 t o  75 percent of the semfepan. 

4. A n  increase i n  trailing-edge-thickness  ratio from 0 t o  1.0 
r e su l t ed   i n  only  a 10-percent-change in   a i leron  effect iveness .  



c 

5. The  amount of balance  chord  required  for  balance i n  a steady 
r o l l  has been calculated  to  increase from 0 . 6 ~ ~  for  the sharp-trailing- 
edge a i l e ron   t o  0.gCa for  the  thickened-trailing-edge  aileron. 

6. A s teady   ro l l  did not  reduce  the magnitude  of the ai leron hinge- 
moment parameters  with  the droop-nose flap deflected a8 it did when the 
droop-nose f l ap  w a s  not  deflected. 

7. The amplitude  of  average  pressure  fluctuation a t  0.10Ca behind 
the hinge line  increased  with  angle of a t tack  and attained  values  apFroxi- 
mately  equal t o   t he  dynamic pressure. The amplitude of the  f luctuations 
at which flight buffeting m a y  be obtained (0.15q) were a t t a i n e d   a t  the 
angle of attack of i n i t i a l  stall. 

Langley Aeronautical  Laboratory 
national Advisory Committee for  Aeronautics 

Langley Field, Va. 
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Section B-B 
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Figure 1. - Plan and sections of  model. Aspect r a t i o  2.5; w i n g  area 
28 s q  f t ;  taper ratio 0.625. A l l  dimensionrs are i n  inches unless 
otherwise  noted. 
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S a o t l a n  A-A 
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Lt- a-30c 

Seation h-A 

a )  Spoilera. 

Figure 2. - Diagrams of-lat-eral-.control . .  . .  devices, 
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(a) Wing-fuselage  combination; 6, = Oo, 6f = 0'. 

Figure 4.- Lateral-control  characteristica of the model with apoilera 
that pmjtct  a distance of 0.06~. 
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(b) Whg-fuaelage combination; S, = 30°, 6f = 0'. 

Figure 4.- Continued. 
W 
R) 



. .. . .. . . . . .... . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 

( c )  Wing-fuselage combination; 6n = 30°, 6p = 500 (0.m flap).  

Figure 4.- Concluded. 
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Figure 5.- Stalllng patterns of the hexagonal wing model with and without 
a fueelage and deflected flaps. 
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Figure 10.- Var ia t ion  of PR, CN,, cz, Cn, and ch with a; plain a 
wing, 0.75b/2 aileron, t-= 0, 0 . 0 0 5 ~  vent, EP = 0, 6, = 0. 
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Figure 13.- Variation of PR, CN,, Cz, C,, and C h  with a; wing- a 
fuselage combination, 0.40b/2 aileron, t = 0, 0.005.~ vent, 6f = 50° 
(0.33 flap), 6, = 0. 
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(b) Variation of C and C w i t h  a. ha Na 

Figure 13. - Concluded. . 
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Figure 14.- Variation of PR, CNa, Cz, C,, and C b  with a; wing- 
N a  

f'uselage comblnation, 0.40b/2 aileron, t = 0, 0.005~ vent, Bf = 50' 
( 0 . 3 3  flap), 6, = 30°. . . .  
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Figure 14. - Concluded. 
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(c) Variation of Cz and C, with a. 

Figure 15.- Concluded. 
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fuselage combination, 0.75b/2 aileron, t = 0, 0.005~ vent, 6f = 0, 
sn = 30°. 
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Figure 16. - Continued. 
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(c) Variation of Cz and C, with a. 

Figure 16. - Concluded. 
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(b) Effsot of fusel~se; O . m / ? ?  rilarOn, 
t = 0, 0.0050  vent, Of = 0, = 0.  

(a] ETfect of 0.35b flap; fuselage on. O.LOb/Z PLlbron, 
t = 0, 0.0050 vent, = 0 .  
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Figure 17.- Effect of various  leading-edge and trailing-edge devices on 
the aileron effectiveness parameter C . 
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Figure 18.- V a r i a t i o n  of aileron effectiveness parameter C with 

Mach number. Reynolds nwnber varies from 106 to 7.6 X lo6. 
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Figure 19.- Rolling-moment coeff ic ients  f o r  total aileron deflections 
of 30’ and POo. - 
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Figure 20.- Yawing-moment coefficients for total   ai leron deflections 
of 30' and 500. 
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Figure 21.- Comparison of spoi le r  and a i le ron  rolling-moment coefficients 
f o r  various  configurations. Fuselage on, t = 0, 0.005~ vent. 
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Figure 22. - Comparison of spoi ler  and ai leron yawing-moment coefficients 
fo r  varioua  configurations.  Fuselage on, t-= 0. 
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Figure 23. - Aileron deflection hinge-moment parameters and resultant 
balance-chamber pressure-coefficient parameters for various 
configurations . 
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g u r e  24.- Aileron angle-of-attack hinge-moment WrameterB and resultant 
balance-chamber presaure-coefficient parameters for various configurations. 
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Figure 25.- Effect of  aileron  trailing-edge  thickness on a i le ron  hinge- 
moment parameters. 0.40b/2 aileron, plain wing. 



54 NACA RM ~ 5 2 ~ 1 5  

.m 

004 

.002 
cba 

0 

-. OOP 

-.004 

-. 006 
-.008 

.006 

.OW 

.ooz 

0 

-.ooP 

-.004 

-.006 

-. 008 

-.o/o 

t = 0 .  0.005~ pant t = 0 . 9 ,  0.601c vent 

- 4  0 4 8 /P I6 - 4  0 4 8 I2 I6 
c, deg E, de!? 

t = 0.25. 0.0010 vent . .  t = I.OD, o.?i010 wnt 

(a) Effect of aileron trailing-edge  thickness; 0.40$/2 aileron, p la in  
wing . 

Figure 26.- Aileron hinge-moment parameter C i n ,  a steady roll fo r  
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various balance-chord rat ioe . 
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(b) Effects of a fuselage and droop-nose flap; 0.005~ vent. 

Figure 26. - Continued. 



.008 

.006 

.004 

.002 
G I  

' 0  

-. 004 

-. 006 

.o/o 

,008 

.006 

.004 

.002 

0 

-.OOP 

-.004 

-.006 

:008 

0 .hO b/2 aileron, fuselags on, tin = 30' . - - 

(c) Effect of a i le ron .  span; 0 . 0 0 5 ~  vent, 6p-= 0. 

Figure 26. - Concluded. - a 



8W 
PEACA RM ~ 5 2 ~ 1 5  - 57 

J 

\ *  t 

c 

(b) a = ll.7O. 
- 

Figure 27. - Time history of f luctuat ing  pressure  different ia l  between  upper 
and lower surfaces; plain wing, S, = 15O, t = 0, 0.005~ vent. 
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Figure 28. - Average fluctuat-ion of pressure at 0.10~~ behind aileron 
hinge-line (0.40b/2 aileron deflected);  plain wing, t = 0, 0.0O~c vent. 
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